Background: Oral chemotherapies are increasingly prescribed. Yet wide variations in prescription practices and in monitoring of toxicity have been underlined despite existing guidelines. There is little recent information available as regard to these practices. We aimed to obtain exhaustive information on oral chemotherapy prescription practices and safety monitoring in French hospitals.
introduction
More than 25% of the 400 antineoplastic agents currently being developed are oral drugs, most of them being targeted molecular drugs [1] . This move towards developing oral drugs is driven by the potential advantages that oral treatment can provide for patients. Oral administration increases the patients' autonomy by reducing the number of hospital visits, which is all the more important when the treatment is long term [2] . However, these new oral drugs bring a new set of problems including the need to assess and improve patient's adherence [3] and to develop information on the management of treatment-related adverse events in outpatients [1] .
Certain categories of oral chemotherapies, such as cytotoxic chemotherapies or targeted therapies, have similar toxicities to their i.v. counterparts [1, [4] [5] [6] . However, the levels of safety and monitoring for oral chemotherapy administration are less rigorous than those for i.v. chemotherapy administration [4, 7] . Despite recent guidelines and updates to guidelines, implementation of these recommendations in clinical practices seems heterogeneous, insufficient and is considered to be a priority in this field [1, [3] [4] [5] [7] [8] [9] [10] [11] [12] .
To date, only a single study carried out in 42 American comprehensive cancer centres (CCCs) was carried out to characterise current safety practices and identify variation in these practices in 2007 [7] . This study demonstrated wide variations in prescription practices, in the monitoring of toxicity and in the educational advice given to the patients. No recent data are available as regard to these practices and these information may help in developing and implementing adequate prescription guidelines.
The main objective of this study was to achieve an exhaustive collection of information on prescription practices, monitoring and management of patients taking oral chemotherapy prescribed by oncologists in France. The secondary objectives were to compare prescribing practices and level of recollection of adverse events across centres.
methods
We carried out a cross-sectional, prospective and multicentre study of French oncologists between January 2012 and April 2012. We targeted all active oncologists prescribing oral chemotherapy in public and private hospitals or in a CCC.
questionnaire
We used a French translation of the questionnaire on prescription practices used in 2005 in the study of American CCCs [7] . We obtained permission from Dr Weingart to translate and use the questionnaire for the same objective of collecting data on prescription practices in France. Two oncologists and a physician-methodologist translated the questionnaire; the translated questionnaire was tested on five local oncologists and modified to integrate their comments to improve its clarity while respecting the initial text. The English version of this questionnaire can be found online (supplementary Appendix, available at Annals of Oncology online). The questionnaire examined prescribing practices, safety monitoring, coordination and monitoring of adherence and education of patients about oral chemotherapy. Oral chemotherapy was defined to respondents as 'cytotoxic chemotherapies and targeted molecular therapies considered by the responding oncologist as having a high risk of toxicity (hormonal therapies excepted)', at the beginning of the interview.
study protocol
Oncologists were contacted by phone from January 2012 to April 2012 to obtain their answers to the questionnaire by Pacaut during office hours. Information on serious adverse events recollection was based on respondents' reports. Serious adverse events were defined as events associated to oral chemotherapy and either (i) a grade 4 toxicity requiring hospitalisation; (ii) resulting in work incapacity or (iii) considered as life-threatening and reported accordingly. If the investigator remembered a declaration of serious adverse events in his centre for at least one patient in the previous year, the event was coded as being a recollection of a serious adverse event.
data collected
The responses to the questionnaire provided a description of oncologists' current practices. We analysed the response rates in terms of geographic distribution. We also analysed the responses by type hospital ( public, private or CCC) and tried to identify specific prescription practices that could be associated with a recollection of serious adverse event.
sample selection
All practicing physicians are registered with the French Medical Board; there were 780 medical oncologists practicing in France at the start of this study. Our goal was to interview 20% (156 of 780) of those registered in order to obtain a representative sample, to allow feasibility of this study and to obtain a sufficient precision as regard to the answers. Sample size was calculated before study to allow a 5%-10% precision in the answer related to recollection of adverse event. Assumptions were based on the Weingart et al. study [7] . To reach this objective, we carried out a computer-generated randomisation (without stratification) to select 260 of them (one-third).
statistical analysis
The responders' characteristics were analysed descriptively by the frequency ( percentages). The association between the type of centre and the frequency of recollection of severe adverse events and prescription practices was explored using univariate analyses. Binomial, stepwise multivariate logistic regression analyses were carried out for the dependant variable 'reporting of a severe adverse event'. Variables with a P < 0.20 in the univariate analyses were included in the multivariate analyses with a significance threshold of P < 0.05. All analyses, except the spatial analyses, were carried out using SAS (version 9.1).
results responses
Overall, 260 oncologists were proposed this survey, and 157 questionnaires were completed (20.1% of the 780 French oncologists). These questionnaires came from 112 different centres in France, including the French overseas departments and territories, i.e. 23.7% of the 473 French hospitals authorised to prescribe chemotherapy [13] . Our survey covered 56 public hospitals (i.e. 23.6% of the French public hospitals including 77% of French teaching hospitals), 20 CCC (i.e. all the French centres) and 36 private hospitals (i.e. 17% of the private hospitals specialised in cancer). Supplementary Figure S1 , available at Annals of Oncology online shows that the distribution of the responders throughout France was uniform. The responders (Table 1) practiced mostly in the public sector (45.2%), and they were more often experienced doctors (89.2% hospital physicians compared with 10.2% residents).
prescribing
Oral chemotherapy prescribing practices were highly variable, as were the compulsory elements required for each prescription (Table 2) . Fifty-six percent of responders still use handwritten prescriptions, while 38.9% report using electronic order entry systems. The inclusion of the compulsory requirements for the prescription of the six most commonly used oral chemotherapies was also highly variable; 53.5% of the clinicians provided information on the dose; 26.8% provided the calculation of the body surface area; and only 8.3% had the prescription verified by another clinician. Almost half (44.6%) of the clinicians 
patient information and education
Specific notices regarding adverse events prevention and medication adherence, dedicated to patients, were available in most (82%) of the centres (Table 3) . However, 54% of prescribers actually delivered it to their patients receiving oral chemotherapy for the first time. Twenty-eight percent of the centres had developed additional therapeutic educational material, and 12 clinicians (8%) practiced in centres where therapeutic education workshops were organised for patients. Additionally, one-third of the clinicians were provided with training by their centre to teach them to provide therapeutic education to their patients (36%). Responders frequently shared responsibility with other health professionals [nurse (35%), residents (18%) and others (22%)] for educating patients (Table 3) .
adherence and safety assessment
Various methods for adherence and safety monitoring were reported as used by the responders: two-third (65%) declared having a dedicated logbook, half of the respondents declared their monitoring to be based on patients' declaration (53%) and 23% declared having no formal monitoring ( Table 4 ).The most objective monitoring method, pill counting, which is the most labour-intensive, was used by only 20 clinicians. Over the previous year, 39% of the clinicians said that they recalled at least one serious adverse event declaration, related to oral chemotherapy, in their centre. The majority of the responders (80%) said that they felt absolutely concerned about the risks of oral chemotherapy (Table 4) . Univariate analysis included all variables described in Tables 1-3 and adherence assessment described in Table 4 . Multivariate analyses included all variables with a P < 0.20 in the univariate analyses ( physician concerned by safety, other educational materials available and staff members in charge of patient education) and did not identify any practices associated to the recollection of serious adverse events.
differences across institutions
Little differences as regard to prescribing practices were observed across institutions (supplementary Table S1 , available at Annals of Oncology online). CCCs declared using additional educational material more often than their counterparts (51% versus 27% and 16% in public and private hospitals respectively, P = 0.03). Additional educational materials included videos, specific websites or educational workshops. The other responses to the questionnaire did not show differences in practices according to the type of centre. This study is one of the very few and to the best of our knowledge the only one carried out in Europe, evaluating prescription practices for oral chemotherapy in cancer patients. This study also gave us the opportunity to compare the results with those from the 2005 US [7] . The strengths of the present study include the high participation rate and the good representation of our sample; 20.1% of the prescribing oncologists, randomly selected, representing 23.7% of the French hospitals that prescribe oral chemotherapy replied to our questionnaire. In particular, all the French CCCs, 77% of the French teaching hospitals and 17% of the private hospitals replied.
Like the results reported by Weingart et al., we report that, in 2012 in France, there is a great heterogeneity in the prescribing practices and monitoring for oral chemotherapy. The prescription requirements were noted on the oral chemotherapy prescription as rarely in the USA in 2005 as in France in 2012 (between 8.3% and 53.5%). Fewer than half of the clinicians follow the guidelines for the control and quality assurance procedures for their prescriptions. Fifty-six percent of the prescriptions are handwritten but more clinicians use electronic order entry systems (38.9% in France compared with 6% in the USA). Only 12 responders (8%) worked in hospitals where therapeutic education and monitoring programmes are available to patients. In 2005 in the USA as well as in 2012 in France, the proportion of hospitals offering special training or certification for those who educate patients about these medications is low; a third in the USA compared with 36% in France.
The French prescribers in 2012 use the same methods for monitoring adherence as the American colleagues; labourintense, objective methods are rarely used ( pill count 13% in France compared with 21% in the USA), and, in both countries, one prescriber in four does not monitor treatment adherence formally. Although no adherence monitoring has yet proved to be reliable in assessing adherence, these methods might help in improving adherence among patients [3] . Eighty percent of respondents declared being concerned about these agents safety. This positive mind set could help in improving overall practices regarding prescription and monitoring of these agents. Thirtynine percent of the prescribers in our study reported that they recalled at least one treatment-related serious adverse event in their centre in the past year, which is almost twice than previoulsy reported in the American study (24%). This discrepancy could be due to differences regarding study period (2005 versus 2012), population of interest (USA versus France) or proportion of responders. Over the last 7 years, the increased number of patients receiving these agents could also have explained the high rate of adverse events recollection. Another, explanation could be that the prescribers pay more attention to the adverse events related to oral chemotherapy. This hypothesis is supported by the illustration of a high number of respondents declaring their concerns regarding safety (80%). The comparison between the various centres provided us with two pieces of information. The first is that the heterogeneity observed in oral chemotherapy prescribing practices is not correlated with the type of hospital or oncologist (considering an a posteriori power estimated from 15% to 25%). The second is that the CCCs developed more new educational tools (51%) compared with 27% and 16% for the public and private general hospitals, respectively.
The present study has limitations that need to be taken into account. First, the questionnaire survey design induced a selection bias. Hence, responders are likely to be more concerned about prescription of and patient adherence to oral chemotherapy. Also the response rates from the different types of hospital suggest the presence of a selection bias with 100% of the CCCs, compared with 17% of private hospitals and 23.6% of public hospitals. However, as results of the randomised selection and the large proportion of responders (60% of the sample), can be considered as an accurate snapshot of declared practices. Secondly, this study relies on a translated questionnaire which was completed by phone whereas the initial one was completed by mail. This may have led to unintended modification of meaning or misleading information. However, in way to limit these misinterpretations, the translated version of the questionnaire was modified according to French particularities and validated by five oncologists for its face validity and readability. In addition, the descriptive and closed questions of this questionnaire might also have helped in reducing influence of such variation to our general results. Thirdly, the declarative approach used for data collection, increased the risk that omission bias was present for the replies on what was included on the prescription and recollection of adverse events. Despite this bias, our results suggest that current prescription practices differ widely from recommendations and standardised good prescribing practices. Fourthly, in our study, oral chemotherapy was defined as 'cytotoxic chemotherapies and targeted molecular therapies considered by the responding oncologist as having a high risk of toxicity (hormonal therapies excepted)'. This definition was necessarily limited and responders might not have shared a common appreciation of the concerned agents. However, this precision appeared essential to understand group of treatments concerned by this survey and might have helped in understand meaning of our results and comparability with the previous study [7] . Additionally, as regard to patient education, responders in our study often declared sharing this charge with nurses or junior physician. The exact role of these associated professionals remains unknown. Although a multidisciplinary approach is likely to improve quality of care, additional studies are needed to more carefully assess exact role of these professionals and their influence on oral chemotherapy management. Finally, despite similarities in cancer care across European countries [14] , extent of our results to the remaining Europe remains to be evaluated. Nevertheless, our results provide evidences of a limited compliance to recommendations while prescribing oral chemotherapy and should encourage to a formal evaluation across Europe.
conclusion
In conclusion, the present study provides the first complete, inventory of the prescribing and monitoring practices for oral chemotherapy in a Western European country. It reveals a great heterogeneity in practices, with little implementation of 
